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RNA STRUCTURE
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A secondary structure is a list of base pairs, where:

e A base may participate in at most one base pair
e Base pairs must not cross (no pseudoknots)
e Only isosteric base-pairs (GC, AU, GU) are allowed.



THE NEAREST NEIGHBOR ENERGY MODEL
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ENERGY LANDSCAPES
An energy landscape is defined by

e Conformation spaces € €2
o Neighborhoc_l re

Asecondary structure is a list of base pairs, where:

¢ A base may participate in at most one base pair

¢ Base pairs must not cross (no pseudoknots)
e Only isosteric base-pairs (GC, AU, GU) are allowed.



ENERGY LANDSCAPES
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ENERGY LANDSCAPES
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KINETICS

Calculate transition rates from energy barriers
AG* = E(sj) — E(s;)

ko if AG¥ <0
kij = _agh .
koe™ kT otherwise

... where kg is a constant to relate folding to wall-clock time

N. Metropolis, A.W. Rosenbluth, M.N. Rosenbluth, A.H. Teller, and E. Teller. Equation of state
calculations by fast computing machines. The Journal of Chemical Physics, 21(6):1087-1092, 1953.



THE CHEMICAL MASTER EQUATION

dP; (1)
= = %(Pj(t)kﬁ — P;i(D)k;)

... together with the rates of gradient basin transitions ...
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... can be solved for 60-80 nucleotides sequence length

CCUAGCCGAGCUUGGUUAAAUAUAGCUACGGAUGGCUACC
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RNA-RNA INTERACTIONS

are concentration dependent...
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RNA-RNA INTERACTIONS
are concentration dependent...
|AB] Z)n
— KAB —

[A][B] ZaZp

(SRR =N ([ ’—LLB L)
40| .0 A+B= AB o eic
A=A - 2 i1
—— A=A Zr% 171 N
AB |

qe"‘% o®°0 M 10 °@° 3 @a
@@
‘20 AB < AB ? @.

-

AB=AB *
BN -




DESIGN SEQUENCE PAIRS

switch-RNA trigger-RNA



DESIGN SEQUENCE PAIRS
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DESIGN SEQUENCE PAIRS
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RNA-RNA INTERACTIONS
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Cliffhanger design oA Conan design AL o h i U -
» u-6i v
A C-A A
20 A c vV L g A
-0 u G c AC & 2
c-u-u c G; ‘A A C A¢’A°.’ ", "o, G G. ‘C L Cc &
G - C A vy (B u - ¢
\\\\ GGGU‘U'GCA Acc‘uu-c‘GU
ceee’ y-c-c® ce¢ p&e
A 5 A
refolding using a toehold refolding without a toehold refolding with or without a toehold
12 [4]y = 107% moln 13 [4]y = 10°% moll 13 [4]y = 107% moln
E 1.0 E 1.0 E 1.0
= Spedes = Specdes = Species
g 98 o |44, £ °F o (44, £ °F o |4l
g 08 o [Ad)/]4], g 08 o [A4)/]4], g 08 e [A4)/|4],
8 o4 o [AB|/[4], 8 04 e [AB]/|4], 8 04 o [AB)/|4],
2 o2 e [B/[Bl, 2 02 e [BI/[Bl, 2 42 e (BBl
= [BB|/|B, 2 [BB|/|B, 2 |BB|/|B],
z o0 o l4Bm, & °° o lmyE, € °° o |48,
-0.2 -02 -02
w® w® 1w w® o w* 1wt wt wt w* 1wt ow? wt ow®

B, [mol] B, [molf] |B],, [mol]



1e —¢-liffhanger design: InM switch-RNA 1mM trigger-RNA
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le—9 Conan design

RNA

: InM switch-RNA ImM trigger-
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Hulk design: 1nM switch-RNA I mM trigger-RNA
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le —¢liffhanger design: InM switch-RNA 1mM trigger-RNA
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Hulk design: InM switch-RNA 1mM trigger-RNA
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RNA-RNA INTERACTIONS
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1e—¢liffhanger design: 1nM switch-RNA 1mM trigger-RNA
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(a) Cliffhanger simulation

le—g Conan design: InM switch-RNA 1mM trigger-RNA
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(c) Conan simulation

le—9 Hulk design: 1nM s witch-RNA 1mM trigger-RNA
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(e) Hulk simulation
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(b) Cliffhanger equilibrium
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(d) Conan equilibrium
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(f) Hulk equilibrium
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